Sarcoplasmic reticulum vesicles were prepared from rat myocardium. The intramolecular oscillation of the phosphorylation domain of Ca2+-ATPase in control vesicles and in vesicles titrated with diarachidonoyl phosphatidylcholine was studied with a nanosecond time-resolved fluorometer.
Arachidonoyl fatty acid, a precursor of prostaglandins in living tissues, is present in SR at high concentration; it constitutes 16 and 21% of the total fatty acids of skeletal muscle SR in rabbits and rats , respectively.2),3) Assuming that arachidonoyl fatty acid esterifies only the sn-2 position of the sn-3-glycerophosphate backbone,4) about one third or more of the phospholipid species in SR would contain this acyl moiety. It has been recognized that polyunsaturated fatty acids have a role in the maintenance of Ca2+-ATPase activity but the effect of arachidonoyl fatty acid on the lipid bilayer, the intracellular compartment containing Ca2+-ATPase, remains unknown.
Arachidonoyl phosphatidylcholine (PC) is longer and more unsaturated, compared with the phospholipids used in our previous study1) and its effect on the intramolecular oscillation of Ca2+-ATPase has not been examined.
Although Ca2+-ATPase activity in rat skeletal muscle is reported to be relatively insensitive to alterations in the degree of unsaturation produced by different diets in in-vivo experiments,3) the complex mixture of PL molecular species present in natural membranes may have buffered the effects of unsaturation. It would be of interest, therefore, to observe the effects of enrichment of SR with arachidonoyl PC on the intramolecular motion of Ca2+-ATPase.
In the present study Ca2+-ATPase in vesicles formed from cardiac SR was first labeled with anilinonaphthylmaleimide (ANM) whose fluorescence anisotropy is reported to represent the local motion of the phosphorylation domain of Ca2+-ATPase.5) The vesicles were then enriched by lipid titration with diarachidonoyl PC, di(20:4)PC, in cholate solution. The fluorescence and anisotropy decay curves of ANM fluorescence were recorded with a nanosecond time-resolved fluorometer and used for the estimation of the intramolecular oscillation of the phosphorylation domain. The lipid domain of the SR was labeled with diphenylhexatriene (DPH), to provide an index of the order of lipid packing and membrane viscosity of the lipid bilayers. Previous work on the effects of ischemic reperfusion and peroxidation on mitochondrial membrane viscosity6)-8) have shown the usefulness of timeresolved fluorometry in the study of the dynamic microstructure of biomembranes.
MATERIALS AND METHODS
The isolation of rat cardiac SR, labeling of the lipid layers and ATPase protein with the fluorophores, DPH and ANM, and measurements of their fluorescence and ATPase activity were described in detail in a previous study.1) The slow component of the anisotropy decay curve (r(t)) in the di(20:4)PC-titrated vesicles shows a slightly higher decay rate than that in the control vesicles. Steady-state anisotropy of DPH fluorescence (rs) was smaller in di(20:4)PC-titrated vesicles than in controls. Examples of recordings of DPH fluorescence decay curves are shown in Fig. 1 . It can be seen that the anisotropy decay rate was increased, and the membrane viscosity decreased in the di(20:4)PC-titrated vesicles as presented in the right upper corner of each graph.
ANM fluorescence and anisotropy decay curves are shown in Fig. 2 . The steady-state anisotropy in the titrated vesicles was smaller than in control SR vesicles. The decay curves for ANM fluorescence and anisotropy from titrated and control vesicles are superficially similar, but the life time of Table   I given by Stubbs and Kisielewski).
3) with diarachidonoyl PC the intramolecular oscillation of the ATPase of rat cardiac SR increased despite the elongation of the PL. This increase in the intramolecular oscillation was probably caused by the looseness of the packing of the lipid bilayer due to the increased unsaturation of the acyl chains of the PL surrounding the hydrophobic segment of the protein. This feature is shown schematically in Fig. 3 .
The titration of rat cardiac SR vesicles with di(18:1)PC tended to lengthen the half-decay time of ANM fluorescence from the control values1) probably because of the decrease in the unsaturation index. The degree of fit of the acyl chains to the molecularly rough surface of the ATPase may be important for the maintenance of ATPase activity.11) Unsaturated phospholipids may make a better fit with the surface of the ATPase, but highly unsaturated PLs may be unable to provide adequate support, resulting in an increase in the intramolecular motion of ATPase. The increased intramolecular motion may destabilize the Ca2+-ATPase protein and uncouple the enzymatic activity.
